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This paper uses the hedonic price model to estimate the impact of livestock operations on 
housing prices. The major innovation of our model is that, by adopting the Gaussian air 
dispersion equation from the environmental engineering studies to describe the externality of the 
livestock operations, we are able to separately estimate the environmental and other (mainly 
economic) impacts of livestock operations. Moreover, we are able to identify the marginal 




  1Introduction 
The livestock industry contributes significantly to rural economic growth and viability in 
a number of states. However, it is also the subject of increasing controversy due mainly to odor 
and water pollution, especially as the industry becomes more concentrated. Central to the debate 
is how environmental damages from livestock operations compare with their economic benefits. 
Information about these costs and benefits is crucial to formulating efficient regulations of the 
industry. 
Hedonic models represent the main approach to evaluating the environmental damages of 
livestock operations. The premise is that pollution from such operations reduces nearby property 
values. By estimating how much property values negatively respond to the location and/or scale 
of nearby operations, researchers obtain a lower bound of the value of environmental damages.
2 
Despite widespread applications of hedonic models, there have been few hedonic studies of 
livestock operations, primarily due to data limitations. Further, the hedonic literature has not 
been successful in distinguishing between the environmental and other effects of livestock 
operations. The main difficulty lies in identification: a certain measure of the scale of livestock 
operations in the proximity of a house enters both the environmental and the other effects. 
Without further information on the functional form differences of the two effects, a researcher 
cannot, a priori, separate out the two effects in the estimation equation. 
This paper extends the literature by explicitly incorporating in the econometric model the 
way odor is dispersed through the atmosphere. In environmental engineering studies, it has been 
argued that odor is diluted by dispersion as it is transported in the atmosphere. The dispersion 
pattern can be represented by a Gaussian dispersion model with parameters determined by wind 
speed, temperature, etc. In this paper, we incorporate the Gaussian dispersion model in the 
hedonic model with the dispersion parameter explicitly estimated from economic variables. The 
Gaussian formula made it possible to identify the specific damage from each operation upwind 
of the property in different seasons when wind directions are different. Further, this 
environmental effect can be separated from other effects (e.g., economic benefits of the 
operations) which are typically assumed to enter the estimation equation in a non-Gaussian way.  
Based on the Gaussian dispersion model, we are able to estimate the marginal 
environmental damages of each additional operation depending on its location relative to the 
                                                 
2 Palmquist (1991, 2004) provide excellent reviews of hedonic models. 
  2properties. That is, the environmental damages are estimated for each operation\location, rather 
than through the aggregate live weight or manure level near a house. The estimation results then 
enable us to analyze the marginal contributions of new livestock operations at different locations, 
given the existing operations and their locations. 
There is a relatively small literature of hedonic models focusing on the environmental 
impacts of livestock operations. Abeles-Allison and Connor (1990) provides one of the early 
studies. They used a sample of eight hog operations that received multiple odor complaints and 
three hundred residences surrounding them. They showed that operations that had received 
complaints did have a negative effect on the housing price, and the closer the hog operation to 
the house, the bigger the effect. Furthermore, bigger operations were more significant in their 
influence than the smaller ones. However, limiting the livestock sample to those having received 
complaints may lead to sample selection bias, and treating feedlots as the center of the radius 
instead of houses precludes the effects of multiple operations on a single house.  
Palmquist, Roka, and Vukina (1997) collected 237 housing price observations and the 
amount of manure within three rings of each house: 0 to ½ mile, ½ to 1 mile, and 1 to 2 miles. 
They showed that proximity of hog operations negatively affects the housing price. 
Unfortunately, lack of information about distances between operations and properties about wind 
direction made their conclusions less precise. Ready and Abdalla (2005) used GIS information to 
estimate the effects of open space and agricultural operations on property values in Berks 
County, Pennsylvania. They found that while animal operations within one mile of a residential 
property negatively affects its value, the impact does not depend on whether the operations are 
upwind of the property.  
Our paper is most closely related to Herriges, Secchi and Babcock (2005) (HSB 
hereafter). They collected a data set from Iowa which, in addition to the typical information 
about residential properties and livestock operations, also includes GIS data on the locations of 
the properties and operations. The GIS information enabled them to explicitly include upwind 
operations in the hedonic model. They found that a house’s price increases if the closest 
operation in the south (which is upwind in summer) becomes further away from the house, while 
the distance to the closest operation in the northwest (upwind in winter) does not affect the 
house’s price. They also found that an operation’s size does not have a direct impact on property 
values, and the effect of livestock operation goes down as the operation’s size increases. We will 
  3use the same data set in our study, and confirm that operations in the south negatively affects 
property values. However, unlike HSB, we also find that operations in the north as well as 
operation size can have negative impacts on property values.  
Recently, Cameron (2005) pointed out that ignoring directional heterogeneity caused by, 
e.g., dominant wind direction for airborne pollutants, can lead to biases in hedonic estimation. 
Our paper goes a step further, arguing that hedonic models should, when possible, incorporate 
not only directional effects but also scientific information about pollutant movements.  
The paper is organized as follows. In the next two sections, we present the Gaussian 
dispersion model of odor and the econometric model of housing prices. We then describe the 
data and present the estimation results, followed by discussion and conclusion in the last section. 
 
The Gaussian Dispersion Model 
The main innovation of this paper relates to how livestock pollution enters the hedonic 
equation. Livestock operations cause both water and odor pollution. In this paper, we focus on 
the effects of odor for three reasons. First, water pollution, especially pollution of drinking water, 
is subject to strict federal as well as state regulations, while odor is subject to minimal regulation. 
Consequently, at least in the sample area of our study, odor proves to be a more contentious issue 
in the debate of livestock location and the regulation of confined operations. Second, given the 
nature of water flow, if water pollution affects property values at all, the effect will be felt 
throughout a certain region (e.g., throughout a local aquifer), rather than being limited to the 
proximity of the livestock operation. On the other hand, odor’s effects are manifested only in the 
nearby residences of the operation. Thus, hedonic models where proximity to the operation plays 
an important role most likely capture the effects of odor rather than water pollution. Finally, 
explicitly accounting for water pollution requires data on the direction of water flow, size and 
shape of aquifers and rivers, characteristics of the landscape surrounding the operation, etc. 
Future research is needed to obtain such data and to develop a model that captures the 
complexity of water flows.  
The environmental engineering literature provides a rich set of models describing how 
odor is dispersed in the atmosphere. Zannetti (1990) shows that even though instant plume 
concentrations are irregular, in many cases a sufficiently long period of time (for example, an 
hour) generates bell-shaped concentration distributions. Much research in Europe and more 
  4recently in the U.S. has been devoted to monitoring and measuring the dispersion patterns of 
odor, and has found that the dispersion pattern in general can be approximated by the Gaussian 
distribution model. Let the (three dimensional) location of a pollution source (e.g., a livestock 
operation) be  , where   is the effective emission height, and the location of a receptor 
(e.g., a house) be (,
(0,0, ) h h
,) x yz. Under certain assumptions (see Davis and Cornwell, 1991), odor 
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where Q is the mass of emission per unit of time,   is the average horizontal wind speed, 
and
u
y σ and  z σ  are the standard deviations of the plume concentration spatial distribution.  
Equation (1) describes the odor dispersion pattern along three dimensions: two 
horizontal directions ( x  and  ) and a vertical direction ( y z). Since our focus is on property 
values, and there is little variation in the height of residential houses (mostly between one and 
two stories high), the relevant dispersion pattern can be captured by the two horizontal 
dimensions (x and y). Zennetti (1990) and Crawford (1999) present the following two-
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Since the dominant wind direction and speed is rather uniform in our study area (five adjacent 
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where t is a constant that depends on the intensity of odor at the source (i.e., the operation). 
Thus, if livestock weight, or the amount of manure, is proportional to the emission rate at the 
source, their values would be incorporated in t. 
Figure 1 illustrates how (3) captures the dispersion of odor from the source to the 
property along the wind direction. The dominant wind direction in Iowa is northwest in the 
winter and south in the summer. Figure 1(a) shows the case in winter: the height of the normal 
  5density indicates the intensity of odor. As the wind carries the odor away from its source, the 
area affected by the odor expands but with decreasing intensity. If the vertical distance (x) from 
the operation to the house is relatively short, the spread of the dispersion is narrow; the longer 
the vertical distance, the wider the spread of the dispersion. Interestingly, notice that in winter, 
not only will operations in the northwest have influence on the house, but also those located in 
the upper area (between 0 and 45 degrees) of the northeast and those in the upper area (between 
225 to 270 degrees) of the southwest will affected the air quality at the house. In other words, all 
the operations that are above the 45 degree dashed line in the figure should be taken into account. 
Figure 1(b) illustrates the case in the summer, and only operations to the south influence the 
house.  
The most challenging task in working with Gaussian dispersion models is to 
calculate/estimate  y σ . A range of formulae have been developed with different supporting data 
and no universal formulation exists. We tried most of the functional forms available in the 
literature, and the Briggs sigma function for rural conditions provided the best fit:  
   (4) 
0.5 ( , ) (1 0.0001 ) y xk k x x σ
− =+
where k is an indicator of Pasquill stability, which depends on the atmospheric conditions such 
as the stability of the air movement. (See Zannetti (1990) for detailed descriptions.)  Since the 
stability conditions vary across time, it is difficult to impose a specific value for k. Instead, we 
treat k as one of the parameters to be estimated. The estimate would indicate the “economically 
relevant” stability condition.  
 
The Econometric Model 
  Following HSB, we consider the following characteristics of a residential property: log of 
the size of the lot (Lsize), age of the house (Age), sale year (Syear), weight average of the living 
area additions to the house (Warea), number of bathrooms (Baths), decks (Deck), number of 
fireplaces (Fire), total number of attached and detached garages (Garage), distance to the nearest 
high school (Disths), distance to the nearest large town (Distto),  and population density by 
township (Pdens). We tried linear, log-log, and semi-log functional forms, and the following 
model provides the best fit:  
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where Tlw represents total livestock weight within a five mile radius of a house, 
(ln( ), , ( , )) ni ni ni y ni n ccm y x k σ = ,  ( l n () ,,(, ) si si si y si s ccm y x k ) σ = , with odor concentration level  () c •  
given in equation (3), and   is the manure weight of operation j, located at (, j m ) jj x y , , j ni ns = , 
representing the ith operation in northwest and south respectively.  
For both south and northwest (or the area above the 45 degree line in Figure 1), we 
include in the estimation equation the nearest five operations, which account for 90 percent of 
the operations in the “influential zone,” a three mile radius around a house in each direction, with 
the first being the nearest and the fifth being the farthest. In addition, dummy variables  and  n d
s d indicate whether there exist any operations in the upwind direction of the influential zone at 
all. For each operation j, the log of its manure level   enters the concentration equation, 
representing the odor level at the source.
3  
ln( ) j m
Notice that for each direction, the coefficients of the five individual operations are 
estimated separately. That is, instead of treating the operations as homogeneous and estimating 
their aggregate or average influence on the property value, we estimate the marginal contribution 
of each operation, given the existence of the other operations. The rationale is that marginal 
damages of odor can be highly nonlinear depending on how people tolerate the nuisance of odor 
and the health effects. One possible scenario, which is born out in our estimation, is as follows. 
Since odor is more of a nuisance at low concentration levels, the marginal damage may be very 
high when the first hog operation moves into the influential zone. But as more operations move 
in, their marginal damage could be relatively low since the house is already subject to odor 
pollution. Of course, eventually the marginal damage could be high again when the odor 
concentration exceeds certain levels. There could be other possibilities, and our formulation is 
able to capture highly nonlinear marginal effects. 
                                                 
3 We also tried manure weight  , the livestock weight, and the log of livestock weight in place of ln( . The 
chosen formulation gives the best fit. 
j m ) j m
  7Since the odor effects of each operation is explicitly accounted for through the Gaussian 
dispersion equation, the other effects (e.g., the economic impact) are captured by the coefficient 
lw α  of the total livestock weight Tlw. That is, the Gaussian form of the odor effects enables us to 
separate the other effects from the odor effect of livestock operations.   
We test a number of hypotheses related to the effects of livestock operations. To test 
whether the operations have any impact on house prices, the first hypothesis is  
1
0 : 0,   , 0,1,...,5. ni nj si sj lw Hi ααααα ===== = j
j
 
 To test whether operations in the south as a whole have any impact, the second hypothesis is 
2
0 : 0,      , 0,1,...,5 si sj Hi j αα == = , 
and the next hypothesis tests the impacts of operations in the northwest: 
3
0 : 0,      , 0,1,...,5 ni nj Hi j αα == = . 
Since we used different coefficients on each operations, the following three hypotheses test 
whether the operations have the same marginal impacts:  
4
0 : ;  and   ,    , 1,...,5 ni nj si sj Hi αα αα == = , 
5
0 : ,      , 1,...,5 ni nj Hi j αα ==  
6
0 : ,      , 1,...,5 si sj Hi j αα == . 
 
Data Description 
The data used in this study is obtained from HSB. The sample includes five counties 
(Franklin, Hamilton, Hardin, Humboldt and Webster) in Iowa where a great number of livestock 
operations are located. See HSB for detailed description of the data. Briefly, the data are 
classified into three categories. 
The first category includes data on livestock operations, which are collected from the 
Iowa Department of Natural Resource. According to HSB, about 98 percent of the livestock 
operations are hog operations and most of them were newly built in the 1990’s. Two kinds of 
operations are included for the study: those that need a construction permit and those that are 
required to file manure management plans. In total, there are 550 livestock operations. The live 
weight at each operation ranges from 120,000 to 41,044,000 pounds, with a median of 600,000 
  8and an average of 727,000 pounds. The manure levels range from 3 to 973 million pounds a year, 
with a median of 14 and a mean of 17 million pounds.  
The second group of data, from the assessor’s office, is on property sales, property 
structure and the neighborhoods. Sales were restricted to “rural residential, owner-occupied 
homes sold via ‘arms length’ transactions between 1992 and 2002,” excluding houses with more 
than 10 acres and those sold at less than 50% of the assessed value and less than $5,000. 
Altogether, the sample includes 1145 sales. A summary of the housing variables are in Table 1. 
Note that even though the maximum values for some of the variables are relatively large, we did 
not exclude the observations with the maximum values from the sample because other indicators 
of the particular observations showed no sign of outliers. For example, there is an observation 
with six bathrooms in a house. But other indicators of this house imply that it is still a residential 
property. 
In all data, observations that have missing values are replaced by the mean value of the 
particular variable. Count variables that have 0 in their value and have log transformation in the 
model are added by 1, before the log transformation is undertaken. 
The third group of data is about the location of each house relative to livestock 
operations. We use ARCVIEW to calculate the distances between the house and the operations, 
as well as the bearings (,) x y  for each wind direction. We then specify the “influential zone,” the 
area around the house within 3 miles excluding the subarea between 45 degrees and 90 degrees 
in Figure 1. Table 2 lists the summary of the vertical and horizontal distances and the 
corresponding manure levels of the operations. For each house, a maximum of 5 operations in 
the influential zone are considered for northwest and south respectively. They account for about 
90% of the operations in the influential zone. Also, live weight and manure are considered in 
function   to represent odor intensity, and manure turned out to have better fit.   () c •
Table 2 shows that, of the 1145 property sales, 554 (or 48%) have at least one operation 
in the northwest of the influential zone, 350 (or 31%) have at least two operations, 206 (or 18%) 
have at least three operations, 137 (or 12%) have at least four operations, and 95 (or 8%) have at 
least five operations in the northwest part of the influential zone. The corresponding numbers of 
sales with the various number of operations in the south part of the influential zone are similar: 
521 (or 46%), 330 (or 29%), 187 (or 16%), 109 (or 10%), and 68 (or 6%) respectively. As shown 
in Table 3, 667 of the 1145 sold properties have livestock operations in their influential zones, 
  9either in northwest, south, or both directions. Thus, there are 554 521 667 408 + −= samples 
which have at least one operation upwind in each of the two directions of the influential zone. 
Table 3 also shows that the number of operations in the influential zone of each house ranges 
from 1 to 23, with an average of 4.26. 
Given the hypothesis that the presence of livestock operations within a certain radius 
might have a positive impact on local economic activity, we calculate the total live weight of 
confinements for a house within a 5-mile radius. Of the 1145 sales sites, 986 have livestock 
operations around them. The number of operations ranges from 1 to 39, with an average of 7.5. 
The total live weight ranges from 244.2 to 44957.8 thousand pounds, with an average of 5672.1 
thousand pounds (as in Table 2). Table 3 lists the numbers of operations within different radii. 
The final model does not include operations within ten miles as an independent variable due to 
its minimal contribution in explaining the error. 
 
Estimation Results 
Table 4 presents the estimation results of the unconstrained model as well as those 
under the restriction of the six hypotheses, and Table 5 presents the results of the hypothesis 
tests.  
The results for the unconstrained model show that except for the intercept, distance to 
high school and garage, all the estimates for the housing structure and neighborhood are 
significant at a 5 percent level or higher and have expected signs, which is similar to the results 
in HSB. Further, the coefficient of total livestock weight within five mile radius is positive and 
significant at 5% level. This result provides evidence that livestock operations have a positive 
non-environmental effect, such as providing employment and other economic benefits to local 
residents.  
As for the manure concentration effects within 3 miles, we find that operations in the 
south have a more significant effect. This was not very surprising since intuitively odor tends to 
be stronger in the summer. Specifically, if there is any livestock operation to the south of the 
house in the summer at all, the housing value is negatively affected at a 10 percent significance 
level, as indicated by the estimated coefficient of ds. For the first and second nearest operations 
the coefficients are negative but not significant. The third and fifth nearest confinements have 
positive signs but are not significant. However, the sign of the fourth operation is negative at a 
  1010 percent level and the absolute value of it is the highest among all operations. This result 
seems to indicate that, once the existence of livestock operations is accounted for (through the 
dummy variable ds), odor effects on the property value are not remarkable until a certain number 
(four in this case) of operations is reached. In addition, after this number is reached, adding more 
operations does not tend to affect the property value significantly.  
For confinements in the north, the signs for the first nearest and fourth operations were 
negative, but they are not significant. We got negative sign for the dummy variable too but not 
significant. Therefore, not too much interpretation can be made about the odor effects in the 
north. 
For the six hypotheses mentioned above, the test results are presented in Table 6. The 
test results indicate that livestock operations do influence the housing price at a 10 percent level. 
Operations in the south as a group negatively affect the housing price at a 10 percent level, but 
those in the north do not. Also, the test result for the fourth one rejected the hypothesis that 
individual operations have equal marginal effects on the housing price. We can not reject that the 
marginal effects from the operations in the south are equal, but we still use the unconstrained 
model due to its smaller sum of squared residual. 
To test whether there is any multicollinearity among the manure concentrations of 
nearest five operations, we plug in the estimated values for Ks and Kn  and obtain the variance 
inflation factor for each operation, which showed no sign of multicollinearity.  The results are in 
the Appendix. 
To further study the role of marginal concentration of operations, we run regressions 
with only the nearest one, the nearest two, the nearest three, and the nearest four operations(s) for 
each direction, and the results are in Table 6 
In table 6, note that when the operations are limited to 1, 2 or 3 in each direction, the 
coefficient estimate for the last one was always the largest in value. However, the cut-off effect, 
that is, the marginal contributions from the confinements farther than the one regarded as the 
cutting off point are represented by the coefficient of the cutting-off point, is the most 
remarkable when 4 operations were considered in each direction. Furthermore, this kind of trend 
  11does not continue when we add the fifth operation, as shown by the results of the unconstrained 
model in Table 4.
4   
The price elasticity of housing with respect to the manure concentration and to the total 
live weight within 5 miles are used to illustrate the effect of livestock operations on the housing 
price. Since marginal contribution of the fourth operation is significant, the elasticity is 
calculated based on the information of the fourth operation and the dummy variable ds and dn. 
The following formula is used in calculating the elasticity from a specific operation: 
ln( ) ˆ ˆ (/ l n ()
ln( )
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where  ji x  and  ji y  are the average distance measures for the   facility in direction 
th i j . For the 
fourth operation in the south, 
4=(-59.67)(0.000256)=-0.015
s m ε .  
Therefore, if the manure level in the south increases by 100 percent or doubles, the 
housing price is expected to decrease by 1.5 percent. On the other hand, if the total live weight 
within 5 miles doubles, the housing price is expected to increase also by 1.5 percent. The 
elasticity for operations in the north is calculated in the same way but the value is not significant.  
 
Conclusion 
This paper uses the hedonic price model to estimate the impact of livestock operations on 
housing prices. The major innovation of our model is that, by adopting the Gaussian air 
dispersion equation from the environmental engineering studies to describe the externality of the 
livestock operations, we are able to separately estimate the environmental and other (mainly 
economic) impacts of livestock operations. Moreover, we are able to identify the marginal 
contributions of each individual operation.  
                                                 
4 There is no such trend either when the 6th and 7
th operations were added. 
  12Corresponding to the dominant upwind direction in the summer and the winter, manure 
concentrations from the nearest five operations are used to represent the odor effect in the 
hedonic model. In addition, total live weight within 5 miles is used as a proxy of the operations’ 
impact on the local economy. The estimates show that the existence of livestock operations 
around a house had significant influence on the housing price. Odor negatively affects the 
property value, especially in the summer, while operations in general increase the property value, 
excluding the odor effects. We find that if the manure concentration doubles within three miles 
to the south of a house, the property value will decrease by 1.5%. If the total live weight within 5 
miles radius doubles, however, the housing price will increase by 1.5%.  
We also find that there is an representative effect in the impacts of odor from the 
livestock operations. Specifically, while the first three operations do not significantly affect the 
property value, adding the forth operation does significantly reduced the property value. 
However, the property value is not significantly affected if more operations are added. This 
result indicates that the effects on housing prices are nonlinear, and there are both increasing and 
decreasing marginal damages in terms of the concentration of operations.  
If a new livestock operation is to be located around a certain house, it is important to 
consider its size, the wind direction, the operation’s bearing relative to the house, the absolute 
distance as well as the vertical and horizontal distances from the house to the confinement,
5 and 
whether the area is already crowded by the operations or not. In other words, we can not simply 
make a decision based on the distance and its size alone. Furthermore, the positive contribution 
from the operation should also be taken 
into account.  
Future research might cover a thorough justification of the accumulative effect, a 
detailed indication of the possible positive influence from the livestock operations to the housing 
price, and the incorporation of other indicators such as managerial practice into the model.  
 
                                                 
5 From the concentration equation, we notice that the value of the horizontal distance y is 
negatively related to the concentration, but the relationship between the vertical distance x and 
the concentration is ambiguous. 
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Appendix  Test of Multicollinearity 
                                      Parameter Estimates 
 
                           Parameter       Standard                              Variance 
      Variable     DF       Estimate          Error    t Value    Pr > |t|      Inflation 
 
      Intercept     1       -1.79046        0.95272      -1.88      0.0605              0 
      llsize        1        0.19370        0.01339      14.46      <.0001        1.29568 
      SYEAR         1        0.06285        0.00483      13.02      <.0001        1.04732 
      AGE           1       -0.00598     0.00055094     -10.86      <.0001        1.89630 
      dtl           1        0.05059        0.00968       5.22      <.0001        1.23070 
      lbaths        1        0.53725        0.04410      12.18      <.0001        1.54639 
      DECK          1        0.06412        0.01414       4.53      <.0001        1.12418 
      lfire         1        0.17900        0.02632       6.80      <.0001        1.23206 
      ATT           1        0.16426        0.03867       4.25      <.0001        1.85292 
      DET           1        0.02347        0.01862       1.26      0.2077        1.55401 
      DISTHS        1        0.00161        0.00158       1.01      0.3103        1.14045 
      DISTTO        1       -0.00875        0.00259      -3.38      0.0007        1.31296 




                           Parameter       Standard                              Variance 
      Variable     DF       Estimate          Error    t Value    Pr > |t|      Inflation 
 
      Intercept     1       11.09119        0.02170     511.13      <.0001              0 
      sf1           1       -0.53498        0.97963      -0.55      0.5851        1.04838 
      sf2           1      -12.45272       17.40227      -0.72      0.4744        1.47697 
      sf3           1       86.88783       24.41335       3.56      0.0004        1.76956 
      sf4           1      -85.14636       44.90574      -1.90      0.0582        2.18828 




                           Parameter       Standard                              Variance 
      Variable     DF       Estimate          Error    t Value    Pr > |t|      Inflation 
 
      Intercept     1       11.10608        0.01982     560.30      <.0001              0 
      nf1           1       -0.44704        0.51950      -0.86      0.3897        1.93810 
      nf2           1        0.09527        0.85171       0.11      0.9110        1.93810 
      nf3           1        9.41566       36.82799       0.26      0.7983        1.00000 
      nf4           1       -6.70602        2.05569      -3.26      0.0011        1.00000 
      nf5           1    -2721026261     3176106088      -0.86      0.3918        1.00000 
where  
sfi=  ln(Tlw)*
5 . 0 ) * 0001 . 0 1 ( * * 05 . 1
1
− + xsi xsi
*exp(
2 5 . 0
2
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note: plug ks=1.05 and kn=0.05 into the equations.  
Since variance inflation factors are all less than 10, we conclude that there is no 
multicollinearity among the variables. 
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Figure 1. Gaussian Dispersion Model 
  16Table 1. Summary of Data about the Properties 
 
Variable   Units  Max  Min  Mean  St.Dev 
Price  
(Sale price) 
dollars 475000 5200  81667.60  55529.64
Lsize  
(Lot size) 
acres          10      0.05       2.38         2.22 
Syear 
(Sale Year) 
year      2002 1992  1997.16         2.76 
Age  
(Age at sale)  
years       142   0      52.62       32.59 
Lawa  
(Living area without addition) 
square feet   500112   224  1171.67      503.84
Add  
(Additional area) 
square feet   1642  0  175.68      273.14
Baths 
(bathrooms) 
Number of  
bathrooms 
     6    0.5      1.58          0.68
Deck  














    3  0      1.33          0.71
Disths 
(distance to nearest high 
shool) 
miles      51.2      0.9    10.89         8.79 
Distto 
(Distance to closest town) 
miles       
35.20 





   
116.76 
    4.00   29.54        26.90
 
  17Table 2 Summary Statistics of Livestock Operations Surrounding Each Property 
 
Variable   Units Numbers  of 
observations
Max Min  mean  St.Dev 
1 n x   Meters 554  4667.06  11.36  1781.49  1163.89 
2 n x   Meters 350  4554.58  22.12  2165.73  1091.10 
3 n x   Meters 206  4634.7  22.12  2195.31  1221.49 
4 n x   meters 137  4729.32 39.89  2133.11  1387.62 
5 n x   meters 95  4626.52 161.83  2688.14  1350.24 
1 n y   meters 554  4746.30 1  1568.03  1084.11 
2 n y   meters 350  4606.22  0  1991.62  1147.88 
3 n y   meters 206  4540.76  37.81  2195.18  1173.70 
4 n y   meters 137  4610.87 16.12  2471.63  1175.17 
5 n y   meters 95  4669.66 85.22  2257.97  1295.15 
n d   dummy   1  0  0.48  0.50 
1 ln( ) n m   Log(1000lbs) 554  11.48  0  4.52  4.68 
2 ln( ) n m   Log(1000lbs) 350  11.48  0  2.89  4.37 
3 ln( ) n w   Log(1000lbs) 206 11.03  0  1.73  3.71 
4 ln( ) n w   Log(1000lbs) 137 11.03  0  1.15  3.12 
5 ln( ) n w   Log(1000lbs) 95 11.80  0 0.79  2.64 
1 s x   meters 521  4613.48 4.2  1640.65  1179.86 
2 s x   meters 330  4801.69  25.55  2088.06  1190.34 
3 s x   meters 187  4780.56  25  2168.56  1231.53 
4 s x   meters 109  4548.90 36.92  2399.17  1383.84 
5 s x   meters 68  4539.19 41.31  2563.30  1297.25 
1 s y   meters 521  4804.94 0.58  1844.91  1198.03 
2 s y   meters 330  4771.18  13.43  2984.27  1210.40 
  183 s y   meters  187  4718.27 2.56 2202.75  1227.18 
4 s y   meters 109  4649.41 43.55  2364.15  1297.34 
5 s y   meters 68  4734.02 18.25  2454.88  1288.06 
s d   dummy   1  0  0.46  0.50 
1 ln( ) s m   Log(1000lbs) 521 11.03  0 4.22  4.63 
2 ln( ) s m   Log(1000lbs) 330  11.03  0 2.70  4.25 
3 ln( ) s m   Log(1000lbs) 187  11.03  0 1.53  3.47 
4 ln( ) s m   Log(1000lbs) 109 11.80  0 0.9  2.80 
5 ln( ) s m   Log(1000lbs) 68 11.80  0  0.57  2.28 







Table 3 Number of houses within 3 and 5 miles and the surrounding operations 
 
  3 mile radius  3 mile influential 
zone  
5 mile radius  10 mile 
radius 
number of houses   688  667  986  1145 
min number of operations  1  1  1  2 
max number of operations  27  23  39  104 
average number of 
operations 
2.48 4.26  7.5  28.36 
 
  19Table 4. Estimation Results 
 
variable   Unconstrained  1
0 H  
2
0 H  
3
0 H  
4
0 H  
5
0 H  
6
































































































































































































































































































  201 s c   -0.5775 
(0.7166) 








2 s c   -2.1104 
(12.6879) 








3 s c   5.5416 
(16.6969) 





















5 s c   62.9564 
(40.3202) 





















n d   -0.0072 
(0.0344) 
    -0.0252 







1 n c   -0.3981 
(0.4205) 
    -0.2932 







2 n c   0.6087 
(0.6824) 
    -1.3680 







3 n c   16.7482 
(123.2) 
     0.2774 



















5 n c   3.8902E9 
(1.86E11) 
    -0.1627 






(5.2565)      
n k   0.0476 
(0.0484) 
     0.0516
** 









* Statistically different from zero at a 10% level. ** Statistically different from zero at a 5% level. *** 
Statistically different from zero at a 1% level. 
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0 H   1118  [6,   7]  [1.5322,    1.7875
* ] 
4
0 H    1118 8  1.7237
* 
5
0 H   1118 4  2.5537
** 
6
0 H   1118 4  1.6599 
 
* Statistically different from zero at a 10% level. ** Statistically different from zero at a 5% level                                               
Note: the undecided degrees of freedom for the numerator are due to the undefined estimators  s k  and .   n k
  22Table 6 Coefficient estimates for different numbers of operations 
 








intercept      -2.0214
** 
      (0.9619)          
 
     -2.1656 
     (0.9614) 
  -2.1656
** 
  (0.9620) 
-1.9355
**               
(0.9563) 
ln(Lsize)       0.1885
*** 
    (0.0135)
 
      0.1903
*** 
     (0.0135) 
   0.1905
*** 
  (0.0135) 
     0.1890
*** 
    (0.0135)
 
Syear       0.0641
*** 
    (0.0049)
  
      0.0648
*** 
     (0.0049) 
   0.0648
*** 
  (0.0049) 
     0.0636
*** 
    (0.0048) 
Age      -0.0068
*** 
    (0.0005)
  
     -0.0067
 *** 
     (0.0005) 
  -0.0068
*** 
  (0.0005) 
    -0.0067
*** 
    (0.0005)
  
Warea       0.0551
*** 
    (0.0097)
  
      0.0544
*** 
     (0.0097) 
   0.0552
*** 
  (0.0097) 
    -0.0536
*** 
    (0.0097)
  
ln(Baths)       0.5540
*** 
    (0.0447) 
      0.5548
*** 
     (0.0447) 
   0.5543
*** 
  (0.0447) 
     0.5625
*** 
    (0.0446)
  
Deck       0.0714
*** 
    (0.0142) 
      0.0715
*** 
     (0.0142) 
   0.0691
*** 
  (0.0142) 
     0.0709
*** 
    (0.0142) 
Ln(Fire)       0.1829
*** 
    (0.0272) 
      0.1834
*** 
     (0.0274) 
   0.1852
*** 
  (0.0272) 
     0.1751
*** 
    (0.0272) 
Garage       0.0197 
    (0.0188) 
      0.0186 
     (0.0188) 
   0.0196 
  (0.0188) 
     0.0157
*** 
    (0.0188) 
Disths       0.0019 
    (0.0016) 
      0.0019 
     (0.0016) 
   0.0021 
  (0.0016) 
     0.0019 
    (0.0016) 
Distto      -0.0087
*** 
    (0.0026) 
     -0.0088
*** 
     (0.0016) 
  -0.0088
*** 
  (0.0026) 
    -0.0085
*** 
    (0.0026) 
ln(Pdens)       0.0999
*** 
    (0.0179) 
      0.1023
*** 
     (0.0180) 
   0.0995
*** 
  (0.0180) 
     0.1030
*** 
    (0.0179) 
ln(Tlw)       0.0146
* 
    (0.0060) 
      0.0155
* 
     (0.0061) 
   0.0151
* 
  (0.0061) 
     0.0155
* 
    (0.0060) 
s d       -0.0757
** 
    (0.0353) 
     -0.0599 
     (0.0377) 
  -0.0647
* 
  (0.0371) 
    -0.0771
** 
    (0.0345) 
1 s c       -1.0621       -2.5572    -3.2137       0.5284 
  23    (4.7986)       (3.2056)    (4.2520)      (0.4445) 
2 s c         -25.8536 
   (25.6118) 
  -4.2262 
(33.8535) 
    -2.0712 
    (1.4883) 
3 s c         -72.834 
  (55.16) 
     0.2175 
    (1.4129) 
4 s c                -15.7410
*** 
    (5.9921) 
s k      1.6732 
  (7.4866) 
      3.8935 
     (3.2659) 
   6.2231
* 
  (3.6108) 
     0.0219
*** 
    (0.0055) 
n d     -0.0055 
  (0.0345) 
     -0.0138 
     (0.0384) 
   0.0109 
  (0.0388) 
    -0.0031 
    (0.0346) 
1 n c     -0.3052 
  (0.5561) 
    14.3185
* 
   (8.0914) 
 13.1076
* 
  (8.0780) 
    -0.2341 
    (0.8743) 
2 n c        -21.6428 
   (17.7098) 
 -42.3673
** 
  (21.498) 
    -1.5358 
    (2.0899) 
3 n c         56.4794
** 
 (28.5916) 
     0.4001 
    (3.2322) 
4 n c              -12.9025
** 
    (6.1968) 
n k        0.0104 
    (0.0181) 
      2.2874
*** 
     (0.6124) 
   2.1186 
  (0.4125) 
     0.0494
** 
    (0.0167) 
 
* Statistically different from zero at a 10% level. ** Statistically different from zero at a 5% level.  
*** Statistically different from zero at a 1% level. 
 
         
 
Table 7 Number of Observations (Houses) With Different Numbers of Operations 
 
Direction  One operation  Two operations Three operations Four operations  Five operations
Northwest 554  350  206  137  95 
South 521  330  187  109  68 
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